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1 Deceased author.We assessed the feasibility and acceptability of using mobile phones as part of an existing Web-based
system for collaboration between patients with diabetes and a primary care team. In design sessions, we
testedmobile wireless glucosemeter uploads and two approaches tomobile phone-based feedback on gly-
cemic control. Mobile glucose meter uploads combined with graphical and tabular data feedback were the
most desirable system features tested. Participants had a mixture of positive and negative reactions to an
automated and tailored messaging feedback system for self-management support. Participants saw value
in themobile systemas an adjunct to theWeb-based program and traditional ofﬁce-based care.Mobile dia-
betes management systems may represent one strategy to improve the quality of diabetes care.
 2010 Elsevier Inc. All rights reserved.1. Project goals and design requirements
Our current healthcare delivery system, based on short and
infrequent clinic encounters, does not meet the needs of many pa-
tients living with diabetes and other chronic conditions. Only one
in eight US patients with diabetes is able to achieve target goals
for blood sugar, blood pressure, and cholesterol [1]. Chronic dis-
ease management programs that incorporate mobile and Web-
based technologies offer potential to shift the focus away from
the clinic and towards patients’ daily lives, where behavior change
is actualized. As of 2009, 91% of US households had a mobile phone
subscription [2] and 56% of adults had accessed the internet with a
wireless device [3]. Mobile application downloads are projected to
increase by 145% this year [4]. Along with this explosion in mobile
technology, a range of new health management tools have prolifer-
ated. A keyword search for ‘‘medical” on iTunes currently returnsll rights reserved.
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ashington.edu (C. Collins),
shington.edu (I.B. Hirsch),3337 iPhone applications [5]. Numerous Internet-enabled personal
medical devices are now available, ranging from body scales [6] to
sophisticated wearable physiologic sensors [7].
We previously designed and tested a Web-based diabetes pro-
gramconsisting of interactive diseasemanagement tools and secure
messaging [8]. Patients could upload their glucosemeasurements to
a shared electronic medical record using a wired interface to their
home computer. A randomized trial of the program found a 0.7% de-
crease in Hemoglobin A1c, which was both clinically and statisti-
cally signiﬁcant [9]. Qualitative interviews suggested the program
fulﬁlledparticipants’ unmet care needs [10]. Despite the overall suc-
cess of the trial, only 43% of patients uploaded their glucose meter
data. Participants cited the dependence on their personal computer
for uploads as a signiﬁcant barrier to usability.
As a next step, we sought to extend our Web-based system to
mobile phones. HealthReachMobile is a suite of mobile phone
applications designed to help patients with diabetes understand
day-to-day trends in their blood glucose and communicate with
care providers between ofﬁce visits. A key design requirement
was to provide feedback on the phone itself, minimizing the need
for a computer or direct clinician involvement. This requirement
distinguishes our system from several systems which use mobile
phones primarily as a tool to upload glucose data toWebsites or cli-
nicians for further review [11–13]. In this paper, we describe end-
user design evaluations of three features of our system: wireless
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sages, and blood glucose feedback displays for mobile phones.2. Prototype description
2.1. System architecture
HealthReachMobile ran on three secure, HIPAA-compliant, serv-
ers. The ﬁrst server acted as the domain controller and directory
server. The second server hosted the mail and applications servers.
The third server hosted patient-reported physiological data
(Microsoft SQL Server 2007). The domain controller and applica-
tions server were isolated for security reasons, and the database
server was isolated to maximize performance and future scalabili-
ty. Microsoft Exchange Server (2007) and Windows Mobile phones
(version 6 or higher, see Appendix, Fig. 1, for images) were chosen
because of their support for push email, which enabled rapid two-
way email communication.2.2. Feature set 1: wireless glucose meter uploads
Our wireless upload solution included a One Touch glucose me-
ter, a Windows Mobile smartphone, and a custom-built Bluetooth
interface (Cyberfab, Crolles, France) to mediate communication be-
tween the meter and the phone. The Bluetooth interface was
approximately 300  100. Patients transmitted data by launching an
application on the phone, connecting their meter to the Bluetooth
interface, and pressing a button to initiate the upload. Patients could
not upload data directly from theirmeter to the computer, but could
view their data through aWeb interface once it had been uploaded.Fig. 1. Example blood glucose feedb2.3. Feature set 2: automated self-management support messages
Automated messages were designed to provide tailored, educa-
tional information related to diabetes (see Appendix, Table 1, for
example messages). Message content was generated by a dietician,
a clinical psychologist, and a diabetes management nurse. Mes-
sages were formatted as questions or statements followed by ﬁxed
response options. Responses triggered related follow-up messages
in a branching chain. Maximal message chains were four levels
deep. Certain messages relating to the management of hypo- and
hyperglycemic messages would be sent only when a patient’s up-
loaded readings were out of a speciﬁed target range. The system
logged a patient’s responses to various messages for later review
by the case manager.2.4. Feature set 3: blood glucose feedback displays for mobile phones
Trend graphs included monthly, weekly, and 24-h displays
(Fig. 1). Tabular data included weekly and monthly averages, highs,
lows, and standard deviations. Speciﬁc graphs were chosen based
on user feedback in think-aloud design sessions and prior interven-
tion studies by the research team. Feedback was displayed using
HTML graphics embedded in email messages sent to the phone. Pa-
tients received the mobile phone feedback to complement more
sophisticated graphical displays available in their Web-based elec-
tronic medical record. The graphics on theWeb were customizable,
but those on the phone were not.3. Design evaluation
We performed two phases of design evaluation. The ﬁrst phase
(six participants) focused on the wireless upload and automatedack display for mobile phones.
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tes and ranged between 18 and 65 years of age. Participants were
recruited by email from several University of Washington clinics.
Participants were observed and interviewed while using the proto-
types under simulated conditions. A modiﬁed think-aloud design
protocol [14,15] was used to elicit participants’ perspectives about
the prototype’s design strengths and weaknesses and potential
usefulness. A key strength of the think-aloud protocol is the ability
to gain a clear picture of the user’s thought process as they com-
plete tasks, yielding rich qualitative insights and the rapid recogni-
tion of usability problems that may not be transparent to the
designers. Sessions averaged 90 min and were video and audio-re-
corded. Transcripts of the audio recordings were open coded by
three researchers to identify salient themes (see Appendix, Table
2, for codebook).
The second phase of our design evaluation (eight participants)
focused on the mobile phone data displays. Participants had type
2 diabetes and ranged between 18 and 70 years of age. Participants
were recruited by phone from the University of Washington Gen-
eral Internal Medicine Clinic. Participants had completed a 3-
month pilot feasibility trial of the wireless glucose meter uploads
and mobile phone data displays. Participants also had access to
the Web-based electronic medical record and case management.
Automated messaging was excluded from the trial based on nega-
tive user feedback from the earlier usability testing sessions. Dur-
ing post-trial interviews, each participant was ﬁrst asked about
their overall experience with the system. Participants were then
presented with a paper printout of examples of the mobile phone
data displays and asked to write on the page to identify areas of
confusion and suggestions for modiﬁcations. Interviews were
audio-recorded, transcribed, and open coded by three researchers
(see Appendix for codebook).4. Evaluation results
Our qualitative analyses revealed four key themes about the de-
sign of mobile applications for diabetes self-management support.
4.1. Wireless glucose meter upload through a mobile phone is
convenient and easy
All six think-aloud design participants reported that the wire-
less upload process was convenient and easy. There were no criti-
cisms of this feature in either design phase.4.2. Value of the system tied to real-world relationships
Five of the six think-aloud design participants felt that the value
of the automated messaging system was strongly tied to real-
world relationships with care providers. One participant noted that
the information exchanged using the system might improve the
efﬁciency of in-person appointments:
‘‘It would be most helpful if. . . they could see these notes before
I come in so that we can have a conversation about it and I don’t
have to re-explain”
Another think-aloud design participant envisioned the
messaging system as a tool to work on one speciﬁc behavior
change goal at a time, in collaboration with his care providers.
One participant in the post-trial interviews felt that the feedback
graphs would only have value in the context of a patient-provider
relationship:
‘‘I think they’re only valuable as they’re linked to a discussion
with a real person. . . You got to have a person.”4.3. Automated messages not useful as designed
Although all six think-aloud design participants found value in
some of the components of the messaging system, users found a
sizeable proportion of messages tested to be objectionable. Five
participants felt that at least some of the messages were irrele-
vant to them. Two participants felt that some messages were bet-
ter suited for newly-diagnosed diabetics. Three participants felt
insulted, patronized, or scolded by speciﬁc messages. Four partic-
ipants felt that some multiple-choice responses were insufﬁcient,
and required an ‘‘Other” option or the ability to add free text.
Three participants felt that their need for the system would vary
with the course of their illness, and would not want to receive
messages on a ﬁxed schedule. Two participants expressed a
strong preference for patient-provider email over automated
messaging.
4.4. Graphical and tabular feedback on phone was useful
In post-trial interviews, six of eight participants found value in
the mobile phone feedback. The remaining two participants could
not receive feedback on their phones due to technical issues, but
found potential value in the graphics presented in the design ses-
sion following the trial. One participant commented:
‘‘I liked the feedback because it showed me how certain activi-
ties and certain foods affected me.”
One participant felt that the graphs were too small to read on
the phone, but used the Web interface. One participant reported
confusion about how to interpret some of the feedback.5. Discussion and implications
Several key design recommendations emerge from our work.
First, integrate mobile technology into diabetes care. Mobile glu-
cose meter uploads and graphical and tabular data displays on
the phone were the most desirable system features tested. Since
this project was begun, two Bluetooth-enabled blood glucose me-
ters have become commercially available [16,17]. Given that glu-
cose meters are FDA-regulated medical devices, decoupling the
meter from the data analysis software, as was done in our system,
will enable the most rapid innovation. Although one medical
iPhone application has been classiﬁed by the FDA as a class III med-
ical device [18], this is the currently exception and not the rule.
Second, build systems which connect patients to their healthcare
providers. Finally, elicit user input early and often. We learned
through design sessions that it would have been premature to test
our automated messaging system without further research and
user testing to improve message relevance. As studies of comput-
erized physician order entry systems have shown, automatic alerts
are frequently overridden or ignored by clinicians due to poor
speciﬁcity and alert fatigue [19–21].
The present study had several limitations. Qualitative design re-
search in a small sample is not intended to support formal hypoth-
esis testing or generalizable claims of causality. Generalizability of
our ﬁndings is also limited by self-selection bias; it is likely that
our sample was more highly motivated to manage their health
and had higher levels of technical literacy than the general popula-
tion of patients with diabetes.
6. Overview of implications
Our results support further development and testing of wireless
glucose meter uploads integrated with graphical and tabular feed-
back on mobile phones. Patients value systems which connect
S40 L.T. Harris et al. / Journal of Biomedical Informatics 43 (2010) S37–S40them to their care providers; standalone mobile care management
systems hold less promise for broad-based adoption.
Statement of conﬂict of interest
The authors declare that there are no conﬂicts of interest.
Acknowledgement
Funding for this work was provided by Project Health Design, a
program of the Robert Wood Johnson Foundation.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jbi.2010.05.004.
References
[1] DeFronzo RA. Current issues in the treatment of type 2 diabetes: Introduction.
Am J Med 2010;123(3 Suppl):S1–2.
[2] CTIA-The Wireless Association. Wireless Quick Facts, Year End Figures.
Retrieved from: http://www.ctia.org/media/industry_info/index.cfm/AID/
10323.
[3] Horrigan J. Wireless internet use. Pew Internet and American Life Project;
2009.
[4] Largent, S. Facts prove: wireless industry is most competitive and innovative
[Web log comment]; 2010. Retrieved from: http://www.ctia.org/blog/.
[5] Apple iTunes App Store. Available from: http://www.apple.com/itunes/.
[6] Withings, the Internet connected body scale. Retrieved from: http://
www.withings.com/en/index/?taranim=1.
[7] Business Wire. Proteus announces FDA clearance of wireless personal
health monitor; 2010. Retrieved from: http://www.businesswire.com/portal/site/home/permalink/?ndmViewId=news_view&newsId=20100421005724&
newsLang=en.
[8] Goldberg HI, Ralston JD, Hirsch IB, Hoath JI, Ahmed KI. Using an Internet
comanagement module to improve the quality of chronic disease care. Jt
Comm J Qual Saf 2003;29(9):443–51.
[9] Ralston JD, Hirsch IB, Hoath J, Mullen M, Cheadle A, Goldberg HI. Web-based
collaborative care for type 2 diabetes: a pilot randomized trial. Diabetes Care
2009;32(2):234–9.
[10] Ralston JD, Revere D, Robins LS, Goldberg HI. Patients’ experience with a
diabetes support programme based on an interactive electronic medical
record: qualitative study. BMJ 2004;328(7449):1159.
[11] Istepanian RS, Zitouni K, Harry D, Moutosammy N, Sungoor A, Tang B, et al.
Evaluation of a mobile phone telemonitoring system for glycaemic control in
patients with diabetes. J Telemed Telecare 2009;15(3):125–8.
[12] Carroll AE, Marrero DG, Downs SM. The HealthPia GlucoPack diabetes phone: a
usability study. Diabetes Technol Ther 2007;9(2):158–64.
[13] Lee HJ, Lee SH, Ha KS, Jang HC, Chung WY, Kim JY, et al. Ubiquitous healthcare
service using Zigbee and mobile phone for elderly patients. Int J Med Inform
2009;78(3):193–8.
[14] Ericsson KA, Simon HA. Protocol analysis: verbal reports as data. revised
ed. Cambridge, MA: MIT Press; 1993.
[15] Lewis C, Rieman J. Task-centered user interface design: a practical
introduction; 1993 and 1994. Retrieved from: http://grouplab.cpsc.ucalgary.
ca/saul/hci_topics/tcsd-book/contents.html.
[16] Entra Health Systems. MyGlucoHealth blood glucose meter. Retrieved from:
http://www.myglucometer.com/.
[17] BodyTel. Glucotel blood glucose meter. Retrieved from: http://www.
bodytel.com.
[18] Dolan B. Interview: the iPhone medical app denied 510(k); 2010. Retrieved
from: http://mobihealthnews.com/6932/interview-the-iphone-medical-app-
denied-510k/2/.
[19] Shah NR, Seger AC, Seger DL, Fiskio JM, Kuperman GJ, Blumenfeld B, et al.
Improving acceptance of computerized prescribing alerts in ambulatory care. J
Am Med Inform Assoc 2006;13(1):5–11.
[20] Ash JS, Sittig DF, Campbell EM, Guappone KP, Dykstra RH. Some unintended
consequences of clinical decision support systems. AMIA Annu Symp Proc
2007:26–30.
[21] van der Sijs H, van Gelder T, Vulto A, Berg M, Aarts J. Understanding handling
of drug safety alerts: a simulation study. Int J Med Inform 2010;79(5):361–9.
